Strains of oral streptococci maintain an intracellular pH (pH;) that is more alkaline than the external pH (pHO). The ApH (pH;-pH0) was about 0.6 in neutral media and about 0.9 in media of pH 5.5. Addition of 10
Fluoride is being used extensively as an anticaries agent, although the mechanism by which the protective effect is brought about is not fully understood. In recent years, attention has shifted from an almost exclusive focus on fluoride-enamel interactions to the antimetabolic action of the anion. Impetus was given to these studies by the finding that plaque contains F-and that plaque organisms can accumulate added F- (3, 4, 10, 12, 14, 20, 28, 29) . A number of investigators have shown that F-taken up by oral microorganisms has an inhibitory effect on glycolysis (3, 6, 7, 15, 23, 26) , and Bunick and Kashket (2) showed that streptococcal enolase is inhibited by F-. Presumably, the resulting drop in phosphoenolpyruvate production leads to a reduction in phosphotransferase-mediated sugar transport into the cells.
Metabolic energy is conserved in bacteria by an electrochemical proton gradient across the cytoplasmic membrane (8) . This gradient, which consists of the transmembrane chemical gradient of H+ ions (ApH) and a transmembrane electrical gradient (A4p), gives rise to the proton motive force (Ap) (21, 22) . The Ap is established and maintained by the H+-ATPase which utilizes glycolytically generated ATP. In metabolically active streptococci, the interior of the cell is alkaline and negative compared with the external environment (9, 11) .
Since F-inhibits glycolysis, we undertook to examine the effects of F-addition on the components of Ap. Experiments were carried out with several strains of oral streptococci with different sensitivities to F- (15) to determine whether strain-specific differences exist in the response of the components of Ap to F-. Portions of these studies have been presented in preliminary form (13, 25 (19) . The extracellular aqueous volumes of the pelleted cells were determined from the exclusion of 1,2-['4C]polyethylene glycol (14) . The AiJ values were measured by the uptake of [3Hltetraphenyl phosphonium (11) . In a typical experiment, 0.20 ml of the stock cell suspension was added to a mixture containing 1 Samples (1 ml) of the mixture were removed, and the cells were separated by centrifugation through silicone oil (11 instead of sodium acetate gave essentially the same results as those carried out with the latter system. Preliminary studies indicated that steady state was achieved rapidly. The uptake of radioactivity was unchanged between 5 (earliest point taken) and 30 min of incubation. Glycolytic rates of cells incubated under similar conditions were measured as described previously (15) .
The radiolabeled compounds were purchased from New England Nuclear Corp., Boston. Mass.
RESULTS
ApH. The pHi of four strains of glycolyzing streptococcal cells was found to be more alkaline than the medium at pH values ranging from 4.8 to 7.1 ( Fig. 1) . However, the ApH values decreased as the pHo was reduced. At a medium pH about 7.0, the mean pHi was about 7.6 (/pH = 0.6) ( Fig. 1) . Three of the strains had essentially the same pHi, and only S.
mutans IB 1600 maintained a lower pH (ApH = 0.29). At a medium pH of about 5.5, the mean pHi was about 6.4 (2, 15) . The addition of F-led to a reduction of the ApH of the F-sensitive microorganisms (Fig. 2) . In cells of S. salivarius ATCC 25975 at pH 7.0, the ApH was reduced from 0.59 ± 0.04 (mean ± standard deviation; n = 2 to 5) (pHi = 7.64 ± 0.04) to 0.17 ± 0.05 (pHi = 7.23 ± 0.06) by 10 p.g of F-per ml (0.5 mM NaF) and was completely dissipated by 100 ,ug of F-per ml ( Fig.  2A) . In contrast, the F--resistant FlrlO3 cells were unaffected by F-at concentrations up to 100 jig/ml.
The ApH in S. sanguis was 0.63 ± 0.01 (pHi = 7.66 ± 0.06), and addition of F-brought about a progressive reduction of the pH gradient until, at 100 ,ug of F-per ml, the ApH was 0.01 ± 0.24 (pHi = 7.09 + 0.31). The ApH of uninhibited cells of S. mutans was 0.29 ± 0.01 (pHi = 7.27 ± 0.05) and remained unchanged even with 20 p.g of F-per ml. Addition of 100 p.g of F-per ml reduced the ApH to 0.13 ± 0.01 (pHi = 7.15 ± 0.01).
The effects of F-on the ApH of all strains were more pronounced at pH 5.5 than at the higher medium pH (Fig.  2B) . The ApH of strain FlrlO3 also was reduced by the addition of F-. At the lower concentrations of F-, the mutant strain was more resistant than the parent, but at 100 jig of F-per ml, the ApH was almost completely dissipated.
When cells of S. salivarius ATCC 25975 and FlrlO3 were incubated with 100 p.g of F-per ml in buffers at different medium pH, we found that the mutant maintained the same pH, as either the parent or the mutant without F-when the pHo was above 6.0 (Fig. 3) of the cell-free cytoplasm was exceeded after the addition of 5 mM HCl, although intact cells of strain FlrlO3 maintained the ApH unchanged at the equivalent concentration of F-(100 pgofF-per ml).
Effect of fluoride on the A+. It is possible that the AtJ may increase and compensate for the decrease of ApH through exchange of H+ for Na+ or K+ (18, 24) . We measured the effect of F-on Asj, and found that it was essentially the same in the parent and mutant strains of S. salivarilus and was not affected by the change in medium pH from 7.0 (Table 1) to 5.5 (Table 2) . Although Ai remained unchanged in both strains after the addition of 100 ,ug of F-per ml at pH 7.0, it was reduced significantly by F-addition at pH 5.5. It is clear from these results that the ApH component was more sensitive to F-addition than was Aqi and that Aul did not increase to compensate for the reductions in ApH.
Ap, calculated by adding the ApH and A4p components, was about 116 mV at pH 7.0 and 145 mV at pH 5.5 (averages for both strains) in the absence of F-. Fluoride reduced Ap in the parent at high and low buffer pH but did not affect Ap in the mutant at pH 7.0. Ap was not affected when glycolysis was inhibited by up to 25% (at either pH) but was reduced significantly when glycolysis was inhibited by 80% or more.
DISCUSSION
The oral streptococci maintained pH, higher than pH0 at all values of buffer pH tested but, unlike other neutrophiles (24) , failed to maintain pH, above 7.0 in the more acidic buffers. Responses to pH0 resembled those reported for S. lactis (11) more than for S. faecalis (17, 24) . Comparisons between the observed values of Ai and those reported in the literature, however, are not as readily made. Kashket et al. (11) and Keevil and Hamilton (16) showed that the ionic nature of the medium affects A4j, so that differences in the reported values of At, may reflect differences in the condi- tions of assay. It is important to note that, in the present study, Ap was measured under identical conditions in all strains. The comparison between S. saliv'arius parent and mutant showed that Atf was essentially the same in the two strains. Since both A%ãnd ApH were unaffected in the mutant, it appears that the mutation to relative F-insensitivity did not involve a change in regulation of Ap or its components. Furthermore, the present data indicate that insensitivity to F-cannot be attributed simply to the exclusion of F-from the cells, since the mutant strain has been shown to take up F-at neutral pH (2), yet the ApH was not affected by F-addition under these conditions.
In the present study evidence is presented that F-addition leads to various degrees of dissipation of ApH in the oral streptococci, whereas Eisenberg and Marquis (5) had shown that the pH of the medium rises after the addition of F-to S. mutans GS-5, consistent with a dissipation of ApH. However, the anti-metabolic effect of F-on glycolysis is known to be greater at low than at high medium pH. The reason for this still is undetermined, but we propose that the differential effect of F-in buffers at low and high pH reflects the steady-state pH, that is achieved after the rapid dissipation of the pH gradients. Thus, in cells exposed to F-in neutral buffer, the final pH, still will be close to neutral. Because of the shape of the known pH-response curves of glycolysis, the cells will be able to maintain a relatively high rate of glycolysis, and the percent inhibition of glycolysis will be low. However, in cells held in buffer at low pH, the pH, will drop to a level approaching that of the buffer, the glycolytic rate will diminish to a level appropriate for the low pH,, and the percent inhibition will be greater than that at neutral pH. This is illustrated by the findings for S. sanguis H7PR3 incubated at pH 7.0 and pH 5.5 with 10 ,ug of F-per ml. The ApH decreased by about 0.13 under both conditions (Fig. 2) , so that the pHi dropped from 7.66 to 7.52 and from 6.20 to 6.08, respectively. Under these conditions, glycolysis was inhibited by 11% in neutral buffer but by 32% in buffer at pH 5.5 (15) .
The present findings also suggest that growth of streptococci is limited when the pH, falls below a critical value. S. salivarius grows to a limiting pH of about 4.5, and it can be calculated that the pHi would be about 5.6 when the medium pH is 4.5 (Fig. 3) . Maximal growth of the mutant, however, was only about 60% of that obtained with the parent, and the final pH of the medium was 5.6 (12) . Calculations show that at a medium pH of 5.6 the pH, would be about 5 both the parent and the mutant stopped growing at a similar pHi. These findings suggest that a threshold pH, exists, below which growth is limited. However, the actual position of the threshold in growing oral streptococci may be lower than is apparent from these calculations, since it has been found that the ApH is lower in growing than in nongrowing cells of S. lactis (11) . A threshold internal pH has been described recently for other bacteria (1 
